Rhodanese, a cyanide detoxifying enzyme, was isolated from soldier termite using ammonium sulphate fractionation, reactive blue affinity chromatography and gel filtration on Sephadex G-150. The enzyme had a specific activity of 7.9 RU per milligram of protein. The K m values of the substrates (KCN and Na 2 S 2 O 3 ) were 7.0 mM and 5.3 mM respectively. The results of substrate specificity showed that the enzyme was specific for thiosulphate (S 2 O 3 2-) when compared with other sulphur compounds. The native and subunit molecular weight of the enzyme was found to be 37,154 and 32,210 dalton respectively. The optimum pH and temperature of the enzyme activity were 8. 
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INTRODUCTION
Rhodanese (thiosulphate: cyanide sulphurtransferase EC. 2.8. I. I) is found in diverse tissues and organisms and probably acts as a general sulphurtransferase (Sorbo, 1953a,b; Westley, 1973; Sorbo, 1975; Westley, 1981; Nagahara et al.,1999; Aminlari et al., 2002) . Rhodanese catalyses the transfer of the outer sulphate of thiosulphate to cyanide forming the products thiocyanate and sulphide (Lee et al., 1995) . The reaction proceeds by way of double displacement mechanism in which a covalent enzyme-sulphur intermediate is formed (Blumenthal and Heinrikson, 1971; Westley, 1981) . The enzyme originally found in the mitochondrion has now been reported to also be located in the cytosol and other organelles (Nagahara et al., 1999; Agboola and Okonji, 2004) . Its presence in the liver tissues of different animals have been demonstrated (Sorbo, 1953a; Jarabak and Westley, 1974; Blumenthal and Heinrikson, 1971; Lee et al., 1995; Nagahara et al., 1996; Agboola and Okonji, 2004; Akinsiku et al., 2009 ). However, its presence has also been shown in other tissues and organs (Sorbo, 1953a,b; Westley, 1981; Nagahara et al.,1999; Aminlari et al., 2002) . Beesly et al. (1986) reported their findings on the distribution of rhodanese in both adults and larvae of insects. Furthermore, they found that the enzyme was not restricted to those species which encounter exogenous cyanide through feeding on cyanogenic plants (Beesly et al., 1986) .
It is generally believed that the major function of rhodanese is cyanide detoxification (Smith and Urbanska, 1986; Buzaleh et al., 1990) . However, some evidences had shown that the enzyme may be involved in other functions including formations of iron sulphur centres, and participation in energy metabolism (Bonomi et al., 1977; Ogata and Volini, 1990) .
The soldier termite (a social insect) feeds generally on plant debris, decaying woods and grasses (apricot, almond, balsam fir, beech, cherry, citrus, etc) which have been shown to contain cyanogenic glycosides and on ingestion release cyanide (Woods and Calnan, 1976; Jagels, 1985; Gerozisis and Hadlington, 2001; Conn, 2008) . Our attempt, therefore, to characterise rhodanese from soldier termite is for the purpose of biochemical comparison and to further understand the cyanide detoxification mechanism of the animal.
MATERIALS AND METHODS

Materials
Ethylenediamine tetraacetic acid (EDTA) and low molecular weight calibration kit for electrophoresis were purchased from Sigma Chemical Company, St. Louis, Mo, USA. Sucrose, sodium chloride, phosphoric acid, manganese chloride tetrahydrate, ethanol, methanol, ammonium sulphate, glacial acetic acid, were purchased from BDH Chemical Limited, Poole England. Potassium chloride, sodium dodecyl sulphate (SDS), acrylamide and N, N'-methylene bisacrylamide (MBA), ammonium persulphate, N,N,N',N'-tetramethylenediamine (TEMED) and Sephadex G series, are from Pharmacia Fine Chemicals, Uppsala, Sweden. All other reagents were of analytical grade.
Soldier termites were collected from a farm land in Ikenne, Ogun State, Nigeria.
Enzyme extraction and purification
The soldier termites were soaked in saline solution after allowing the tissues to pass through a sieve to remove sand and other dirty particles. The tissue weighing 100 g was homogenised in a Warring Blender in nine volumes of the homogenisation buffer containing 0.25 M sucrose in 0.1 M acetate glycine buffer containing 10 mM sodium thiosulphate. The homogenate obtained was subjected to centrifugation at 6,000 rpm using Beckman Optima LE-80K Ultracentrifuge for 30 min. The supernatant was filtered using a double-layered cheese cloth and the precipitate was rehomogenised in 2 volumes of homogenisation buffer and centrifuged under the same condition. The supernatants were then pooled together and brought to 70% ammonium sulphate concentration, and left for 12 hr. The resulting precipitate obtained after centrifugation at 6,000 rpm for 30 min. was dialyzed against several changes of 50 mM citrate buffer, pH 5.0 containing 10 mM Na 2 S 2 O 3 . The dialysate was centrifuged at 6,000 rpm for 30 min to remove insoluble material. This was used for the affinity chromatography step.
The Reactive Blue-2 agarose was equilibrated with 50 mM citrate buffer pH 5.0 according to the manufacturer's manual. The gel was packed into a 2.5 × 20 cm glass column. The enzyme fraction from the previous step was layered on it. Fractions of 4 ml were collected from the column at the rate of 36 ml per hour. The protein was monitored at 280 nm. The fractions were also assayed for rhodanese activity. The fractions with high enzyme activities were pooled and preserved in 50% glycerol-citrate buffer solution.
Sephadex G 150 gel resin was prepared by swelling 20 g in distilled water for 3 days.
The resin was then washed with several changes of 0.2 M phosphate buffer containing 10 mM sodium thiosulphate, pH 7.0 and then packed into 2.5 x 40 cm glass column and equilibrated with the same buffer. The dialyzed protein from the affinity chromatography step was layered on the column. Fractions of 4 ml were collected from the column at a rate of 12 ml per hour.
Protein profile was monitored spectrophotometrically at 280 nm and assayed for rhodanese activity.
The active fractions were pooled and preserved in 50% glycerol-phosphate buffer solution.
Enzyme assay and protein concentration determination
Principle of the assay was based on the colorimetric method for the determination of thiocyanate formation. Rhodanese activity was measured using sodium thiosulphate (Na 2 S 2 O 3 ) as substrate, as previously described by Agboola and Okonji (2004) .
Bradford method (1976) was used routinely to measure the protein concentration of the enzyme using bovine serum albumin (BSA) as a standard.
Native molecular weight determination
The native molecular weight was determined on a calibrated Sephadex G-150 column (2.5 x 40 cm). The standard proteins were gamma-globulin: 150,000 dalton; creatinine phosphokinase (CPK): 81,000 dalton; BSA: 66,000 dalton; ovine albumin: 45,000 dalton; α-chymotrypsinogen A: 25,000 dalton. In calibrating the column, 5 ml of each standard of 5 mg/ml was applied to the column separately. The column was eluted at a flow rate of 10 ml/h with a 5 mM tris-HCl buffer, pH 7.2. Fractions of 4 ml were collected and monitored for protein at 280 nm. The void volume (V o ) of the column was determined by the elution volume of Blue Dextran.
Determination of subunit molecular weight
Sodium dodecyl sulphate polyacrilamide gel electrophoresis (SDS-PAGE) was performed, for ascertaining the purity of the preparation in accordance with the procedure of Weber and Osborn (1975) on 10% rod gels using the phosphate buffer system. The sample preparation, application and running conditions were performed according to Weber and Osborn (1975) instruction. The standard proteins were as contained in Sigma molecular weight markers Calibration kit for SDS-polyacrilamide gel electrophoresis (Daltons Mark VII -L, low molecular weight marker range 14,000-67,000).
Kinetic studies
The K m and V max, were determined by varying the concentration of KCN (between 10 mM and 60 mM) at fixed concentrations of Na 2 S 2 O 3 (50 mM) and also varying the concentration of Na 2 S 2 O 3 (between 50 mM and 600 mM) at fixed concentrations of KCN (50 mM). The kinetic parameters were then estimated from the double reciprocal plots.
Specificity studies
Different sulphur compounds (thiosulphate, sulphate, sulphite and sulphide) were used as substrates at 100 mM and 200 mM final concentration in a typical rhodanese assay mixture.
Effect of pH
The enzyme preparation above was assayed at pH between 5 and 11 using 50 mM citrate buffer (pH 5.0-6.5), 10 mM phosphate buffer (pH 7.0-8.0) and 10 mM borate buffer (pH 8.5-11.0). The assay mixture of 1.0 ml contained 0.1 M of the required buffer, 0.05 M KCN, 0.05 M Na 2 S 2 O 3 and 20 µl of the enzyme solution.
Effect of temperature
The enzyme (20 µl; 1.02 mg/ml) was assayed at temperatures between 0 °C and 80 °C to investigate the effect of temperature on the activity of the enzyme. The assay mixture was first incubated at the indicated temperature for 10 min before the addition of a 20 µl aliquot of the enzyme. The heat stability of the enzyme was also investigated between 30 °C and 80 °C. Aliquots of 1.0 ml of the purified enzyme was incubated at the indicated temperature.
Effect of cations
The effect of the following salts ammonium chloride, manganese chloride, mercuric chloride, barium chloride, magnesium chloride and zinc chloride on the activity of rhodanese was investigated by assaying the enzyme at 0.1 mM 0.5 mM and 1.0 mM final salt concentrations in the reaction mixture.
RESULTS
Purification of rhodanese
The results of the purification of rhodanese from soldier termite are summarized in Table 1 . The elution profiles after reactive blue affinity chromatography and gel filtration on Sephadex G-150 are shown in Figures 1and 2 respectively.
Molecular weight determination
The native molecular weight was found to be 37,154 dalton on Sephadex G-150 (Figure 3 ) while the subunit molecular weight obtained from SDS-PAGE was approximately 32,210 dalton (Figure 4 ).
Kinetic parameters and specificity studies
Figures 5 and 6 shows the LineweaverBurk plots for fixed concentration of thiosulphate and KCN respectively. The K m values for KCN and Na 2 S 2 O 3 were 7.0 mM and 5.3 mM respectively while the V max values for the two substrates (KCN and Na 2 S 2 O 3 ) were 1.7 and 5.0 RU respectively (Table 2) . Table 3 shows the K m and V max values of rhodanese from other sources. Figure 7 shows the Lineweaver-Burk plot of sulphide as substrate. The K m value obtained from the plot was 9.0 mM and a V max of 41.7 RU. The results of the specificity studies are presented in Table 4 .
Effects of pH on enzyme activity
There was an increase in the enzyme activity between pH 7.0 and 8.5. An optimum pH of 8.0 was observed (Figure 8 ).
Effects of temperature on enzyme activity
The maximum activity of the enzyme was obtained at a temperature of 55 °C (Figure 9 ). The heat stability experiment showed that the enzyme was stable at temperature up to 60 o C for 40 minute and a decrease in the activity at 70 o C and 80 o C (Figure 10 ). Figure 11 shows the plot of log of % residual activity against time for the determination of half-life of the enzyme. (Table 5) .
Effects of cations on enzyme activity
The results of the effect of various cations on the activity of the enzyme is presented in Figure 12 Each step was carried out as described in the test. Activity was measured by estimating the amount of thiocyanate formed. Protein concentration was determined by the method of Bradford (1976) . One rhodanese unit is taken as the amount of enzyme which under the given conditions will produce an optical density reading of 1.08 at 460 nm. 
DISCUSSION
Rhodanese has been reported in many organisms from bacteria to animals (Sorbo, 1951; Jarabak and Westley, 1974; Anosike and Ugochukwu, 1981; Lee et al., 1995; Agboola and Okonji, 2004; Saidu, 2004; Akinsiklu et al., 2009; Aladesanmi et al., 2009) . The enzyme has been found and reported to be widely distributed in both adults and larvae of insects and was not restricted to those species which encounter exogenous cyanide through feeding on cyanogenic plants (Beesly et al., 1986) . Indeed, recent studies have clearly shown that rhodanese is involved in energy metabolism through its participation in regulation of mitochondrial electron transport and in the biosynthesis of iron-sulfur centers (Toohey, 1989; Aminlari et al., 1994) . Termites are social insects that build large nests in soil or wood and can occasionally cause damage to wooden structures (Hadlington, 1987; Gerozisis and Hadlington, 2001 ). However they belong to a completely different insect group (Order Isoptera) to true ants (Order Hymenoptera) (Hadlington, 1987; Gerozisis and Hadlington, 2001 ). Many species feed on wood, grass and other matter which have been found to contain cyanogenic glycosides and on ingestion release cyanide (Woods and Calnan, 1976; Jagels, 1985; Conn, 2008) . The soldier termites are the colony defenders (Hadlington, 1987; Gerozisis and Hadlington, 2001) .
Rhodanese from soldier termite was purified by ammonium sulphate precipitation,
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Blue-2 agarose affinity chromatography and gel filtration on Sephadex G-150. The enzyme had a specific activity of 7.9 RU per mg of protein and a 10.4 % recovery. Agboola and Okonji (2004) obtained 136.6 RU/mg for fruit bat liver rhodanese, Sorbo (1953a) and Himwich and Saunders, (1948) Different investigators have reported various molecular weights values for rhodanese from a variety of different sources: bovine liver (37,000 dalton; Sorbo 1953a), human liver (37,000 dalton; Jarabak and Westley 1974), mouse liver (34,800 dalton; Lee et al., 1995) and rat liver (34,000 dalton; Nagahara and Nishino, 1996) . The native molecular weight determined by Sephadex G-150 was 37,154 dalton for soldier termite rhodanese and the subunit molecular weight obtained from SDS-PAGE was 32,210 dalton. The native molecular weight value is very similar to those obtained by Sorbo (1953a) and Jarabak and Westley (1974) , which was 37,000 dalton for bovine liver and human liver rhodanese. This result suggests that the enzyme is a monomeric protein. While Jarabak and Westley (1974) showed that purified human liver rhodanese is a monomeric protein, other researchers have shown that they are dimers of two identical subunits of molecular weights 18,000-19,000 dalton (Blumenthal and Heinrikson 1971; Volini et al., 1967) . Volini et al. (1967) reported that bovine rhodanese existed as a monomer-dimeric molecule of molecular weight of 18,000-36,000 dalton. Russell et al., (1978) and Ploegman et al., (1978) , based on a three-dimensional structure analysis, showed that bovine liver mitochondrial rhodanese is a single polypeptide chain with a molecular weight of 32,000 dalton. Akinsiku et al. (2009) recently reported two forms of rhodaneses cRHD I and cRHD II with very similar molecular weight of about 35,000 dalton. They proposed that it is possible the two forms are monomeric and aggregate forms of one of the other. According to Lee et al. (1995) the molecular weight of mouse liver rhodanese that is non-denatured by gel filteration on a sephacryl G-150 column was found to be 34,500 dalton and the same molecular weight determined by SDS-PAGE indicated 34,000 dalton, suggesting that the enzyme is a monomeric globular protein.
However, that rhodanese stored at -70 0 C for over 3 weeks showed that the protein split into 2 identical subunits, M r . of 27,000 dalton (Lee et al., 1995) The K m values of 7.0 mM and 5.3 mM were obtained for KCN and Na 2 S 2 O 3 respectively. These values compares very well to previous work reported on the enzyme (Table 3) . These results, however are lower than those reported for fruit bat liver (Agboola and Okonji, 2004: 13.36 mM and 19 .15 mM for KCN and Na 2 S 2 O 3 respectively), catfish liver (Akinsiku et al., 2009: 25.4 mM and 18.6 mM for KCN and Na 2 S 2 O 3 respectively) indicating that the affinity of the soldier termite enzyme for these substrates is higher than that of the other enzymes and that it would catalyze the detoxification reaction more efficiently. This effective enzymatic system may be due to a higher exposure to cyanide ingested continually from their diet. It is also possible that the major function of rhodanese in soldier termite is cyanide detoxification, since rhodanese has been shown to be involved in other physiological roles (including the supply of sulphide for the formation of iron sulphur centres for electron transport chain). Sorbo (1953b) studied the ability of different thiosulpohates, (e.g. benzenethiosulphonate, ethane thiosulphonates, and nbutane-thiosulphonates) to replace thiosulphate in rhodanese reaction. Cyanide and thiosulphate were reported to be acceptor substrates (Sorbo, 1953b; Westley, 1980) , while sulphite, persulphide and sulphinates were reported to serve as donor substrates (Sorbo, 1957; Villarejo and Westley, 1963; Nagahara et al., 1999) . In this work, the specificity study (Table 4) showed that soldier termite rhodanese was specific for thiosulphate as substrate acceptor for sulphane-sulphur transfer in rhodanese catalytic mechanism, while been inhibited by sulphide, sulphite and sulphate (Table 4 ). The inhibitory effects of sodium sulphide, dithiobiuret and cystein have been reported to be due to the blocking of the enzyme active site (Himwich and Saunders, 1948 Table 5 . Soldier termite rhodanese showed maximum activity at pH 8.0. The optimum pH ranges of 8.0-11.0 have been reported for different organisms (Sorbo, 1951; Jarabak and Westley, 1974; Anosike and Ugochukwu, 1981; Lee et al., 1995; Agboola and Okonji, 2004; Saidu, 2004; Okonji et al., 2008) . Recently, Okonji et al. (2008) and Akinsiku et al. (2009) reported an optimum pH as low as 6.0 and 6.5 for giant fresh water prawn (M. rosenbergii) hepatopancreas and catfish liver respectively, both of aquatic origin. The low pH in these two aquatic lives was reported to be physiologically significant for the survival of the organisms in their environment. Research has shown that decaying wood does not increase acidification of the soil (Kayahara, 2001) . Various metabolic activities in the environment of termite may be responsible for the slightly alkaline pH of soldier termite rhodanese.
The effect of cations on the activity of rhodanese showed that the soldier termite enzyme was inhibited considerably (≤ 20%) by Mg and Ba 2+ showed no significant inhibition on soldier termite rhodanese. Agboola and Okonji (2004) Ulmer, 1972; Agboola and Okonji, 2004) .
In conclusion, the study demonstrates the physicochemical properties of the enzyme in soldier termite which compares very well with the reports of the enzyme from other sources. However, the results of this study may indicate the involvement of rhodanese in cyanide detoxification in soldier termite or an indication of a different sulfur transferase activity and sulphane-sulfur metabolism in the organism.
